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Supporting Information for Materials and Methods
Plant materials
Seed samples of the 40 accessions were soaked for 24 hours in a 1 mM solution of ethephon to overcome dormancy and promote rapid germination [1] . After soaking, seeds were transferred to clear plastic boxes with blotters moistened with distilled water. Germination boxes were held at 4 °C for four weeks and then transferred to germination chambers maintained at a constant 25 °C with 14 hours of illumination per day. Three-week-old seedlings were transferred into 20-cm pots in a growing medium consisting of 50% Canadian Peat Moss, 40% Perlite, and 10% mineral soil and grown under ambient light in a greenhouse at 22 25°C with daily watering. Pots were arranged on a single greenhouse bench in a completely randomized design generated from a random-digits table [2] . Fresh roots were harvested from 6-month-old plants. To standardize plant materials with respect to possible diurnal metabolic variation, harvests took place between 9 a.m. and 10 a.m.
Harvested roots were thoroughly washed and rinsed with distilled water and were immediately chopped and ground to a fine powder in liquid N 2 in a mortar and pestle and stored in liquid N 2 until extraction. Each accession was analyzed in triplicate on independently extracted plant samples from three individual plants.
Compound quantification
A mixture of alkamides 8/9 (97% purity) was purchased (Phytolab). Alkamides 2, 8, 10, 11, 12, 13, and 14, Chen alkamide, and ketone 22 were synthesized in-house. Analysis of the 1 H-NMR and mass spectra of these synthesized compounds reflected purity >90%. In the absence of standards for selected compounds, alkamides 1, 3, 4, 5, 7, 15, 16, and 17 and ketone 24 were identified by HPLC fractionation coupled with GC MS analysis.
Determination of the relative abundance of compounds was carried out by calculating UV response relative to the internal standard. 7-Hydroxy-(E)-N-isobutylundeca-2-ene-8,10-diynamide (C 15 H 21 O 2 ) has been found suitable to use as an internal standard for lipophilic metabolites because it has not been found in Echinacea plants and does not co-elute with any other observed metabolites. By adding an internal standard prior to extraction, we were able to quantify both known and unknown metabolites by calculating UV response relative to the internal standard. Specifically, of the 43 lipophilic metabolites, alkamides 12, 13, 14, 16, and 17, ketones 22 and 24, unknowns B1 B6, and unknowns 1 9 were determined at A210 nm with respect to the internal standard. Alkamides 1, 2, 3, 4, 7, 10, and 11, Chen amide, unknowns A1 A5 (all with similar UV spectra), and unknown 10 were determined at A260 nm with respect to the internal standard, by using a relative-response factor derived from reference standard alkamide 2, to correct for absorbance differences between these metabolites and the internal standard. Alkamides 5, 8, 9, and 15 and unknowns C1 C3 (all with similar UV spectra) were also determined at UV260 nm with respect to the internal standard, using a relative-response factor derived from reference standard alkamide 8/9 to correct for absorbance differences between these metabolites and the internal standard. The relative-response factors of alkamide 2 and alkamides 8/9 were calculated at A260 nm.
Amounts of authentic alkamide 2 or alkamides 8/9 varying between 0.625 and 3.125 µg along with 2.5 µg internal standard were injected to give an average relative-response factor of 0.0669 (R2 = 0.99) for amide 2 and 0.0932 (R2 = 0.99) for amide 8/9 under A260 nm.
Because reference standards were not available to calculate relative-response factors for each compound with respect to the internal standard, and because several of the peaks represent as yet unidentified metabolites, the values presented for the comparison of profiles herein are relative concentrations rather than absolute values and thus are presented without units of concentration.
Statistical analysis
Metabolite concentrations from three plants per accession were averaged and organized into a 40 (accessions) × 43 (relative concentration) matrix. Because standard deviations among replicates increased with mean metabolite values, the average concentrations of more abundant (with UV absorbance) metabolites were less precisely measured than were those detected at lower levels (see Fig. 2 ). The least precisely measured lipophilic constituents have a standard deviation >1000× larger than those most precisely measured. Traditional methods to summarize patterns in concentration matrices, for example, PCA or clustering using Euclidian distance, ignore such differences in precision. The statistical methods used here account for this difference, by computing a matrix based on Canberra distances for all pairs of accessions. Distances among accessions are illustrated by generating a hierarchical cluster tree (or dendrogram) based on average linkage.
The matrix of metabolite concentrations was decomposed into contributions from unique profiles by using the model
where Y ij is the observed relative concentration of component j in accession i, (k) is the vector representing the k'th metabolite profile, (k) is the vector representing the abundance of the k'th metabolite profile in each accession, and e ij is the random deviation between the observed concentration and the summed contributions of k metabolite profiles. If all observations are assumed to have the same precision, the unknown profiles, (k) , and their abundances, (k) , can be estimated by PCA without centering or standardization. This is equivalent to a singular value decomposition of the matrix Y, which can be computed by "crisscross regression" [3] . For one profile, the crisscross regression algorithm starts with an initial guess for (1) . The unknown (1) values are estimated by linear regression of columns of Y on X = (1) . The estimated (1) values are used to update the estimate of (1) by linear regression of columns of Y on X = (1) . These alternating regressions are repeated until the estimates converge.
In our case, however, the precision of an observation is related to the mean, i.e.,
, where ( )
When the variance multipliers, m ij , are known, the optimal estimator of a multiple regression slope is the weighted least-squares estimator with a weight proportional to the inverse of the variance. The unknowns (k) and (k) can be estimated by combining crisscross regression with iteratively reweighted least squares. The weighted principal components analysis algorithm to estimate (k) and (k) for a total of K profiles is:
• Assemble the K vectors of profiles into a matrix with K rows and J columns.
• Assemble the K vectors of abundances into a matrix with I rows and K columns.
• Use starting values for and to calculate a starting mean matrix, m = .
• Compute the weight matrix with elements
• Given the current profiles, , estimate abundances, , by weighted multiple regression of columns of Y on using the matching column of w as weights.
• Given the updated matrix of abundances, , estimate profiles, , by weighted multiple regression of columns of Y on using the matching column of w as weights.
• Recompute the mean and weight matrices by using the updated matrices of profiles and abundances.
• Repeat the last three steps until the profile and abundance matrices converge. Note: A mixture of alkamides 8/9 (97% purity) was purchased (Phytolab). Alkamides 2, 8, 10, 11, 12, 13, and 14, Chen alkamide, and ketone 22 were synthesized in-house. Analysis of the 1 
